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Figure S1: Dependence of the RMSD of the vertical excitation energies on the amount of the
exact exchange cyp obtained with the (a) MRSF and (b) LR methods, by employing B(1 —
cyr)HF (cyr) functionals, for 1B, 2Ag_, 1B, , and 3Ag‘ exited states. The total RMSD over
all the excited states is shown as well.



a) MRSF-BLYP b) MRSF-B3LYP C) MRSF-BHHLYP
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Figure S2: Contribution of various excited configurations to the 1B;" excited state obtained with
(a)-(c) MRSF and (d)-(f) LR. ‘s’ stands for minor singly-excited configurations, not classified here.



a) MRSF-BLYP b) MRSF-B3LYP C) MRSF-BHHLYP
1 *—o—0—0—o g - ° . T : . 100 — . . : :
o 00 Lo Sp+Sg+s —e— 100 o S\ +Sp+s —e— Sy +Sg+s —e—
- L . S o
c | Sy o Syoe | ] oA
O | i B o | L e Sp o o | eol® S ol
= 60 D o 60 I 0"“1)3'-:::5:::0 60 DB e
"g 40 d oo 40 ¢ 3 d o 40 | SRS d o
c i RS
8 20 ':: o
0 ‘—= oo ° ° ¢
4 8 12 16 20 24 8
d) e) f)
LR-BLYP LR-B3LYP LR-BHHLYP
100 re—e—eo—o—o ° - ¢ 100 re—e—eo—o—o * - o 100 re—e—e—o—eo * - *
° Sy +Sg+s —e— Sy, +Sg+s —e— S Sy +Sg+s —e—
% g0 Sx e g0t S e 80 - Sa e
c o Sg o Sg o Q\ Sg o
2 60| 160 1 60 ‘
2 Sogugrgingnnnng Cegngngg S b G O nneene ©
'-g 40 + ,."ﬁ) 1 40 f f"' ° ¢ 1 40t 4',0' 8"‘5 ------ O e o]
< o
8 20 | 1 20f¢ 1 20¢f <>
oo I ol — 1 ol v—
4 8 12 16 20 24 4 8 12 16 20 24 4 8 12 16 20 24
Number of C atoms Number of C atoms Number of C atoms

Figure S3: Contribution of various excited configurations to the 2A " excited state obtained with
(a) MRSF and (b) LR. ‘s’ and ‘d’ stand for minor singly- and doubly-excited configurations,
respectively, not classified here



Table S1: Comparison of the optimized coupled-cluster geometries for C;Hg (CC3/aug-cc-pVTZ,
from ref 56 in the main text) and C¢Hg (CCSD(T)/aug-cc-pVTZ, from ref 56 in the main text) with
those from MP2/6-31G* (from ref 59 in the main text). The difference in C—C bond distances (in
A) was calculated as Ace = dee (MP2) — dcc(couple-cluster).

Polyene AC:C AC—C AC’:C’
(terminal) (middle)

C4Hg 0.004 0.005 -

CeHs 0.005 0.003 0.008

Cartesian Coordinates (in bohr) of Benchmark Molecules

Table S2: Cartesian coordinates (in A) of the ground state geometries.

atom

charge

Butadiene (C4H6). Taken from Ref 43 in the main text.

C 6.0 1.1465624400 0.0000000000  0.7546882000
C 6.0 -1.1465624400  0.0000000000  -0.7546882000
C 6.0 3.4813264700 0.0000000000  -0.2248280500
C 6.0 -3.4813264700  0.0000000000  0.2248280500
H 1.0 0.9077097800 0.0000000000  2.7888392500
H 1.0 -0.9077097800  0.0000000000  -2.7888392500
H 1.0 3.7752581400 0.0000000000  -2.2489547000
H 1.0 -3.7752581400  0.0000000000  2.2489547000
H 1.0 5.1366496700 0.0000000000  0.9686189000
H 1.0 -5.1366496700  0.0000000000  -0.9686189000
Hexatriene (C6H8). Taken from Ref 43 in the main text.
C 6.0 -0.0002476000  1.2717818000  0.0000000000
C 6.0 0.0002476000  -1.2717818000  0.0000000000
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Octatetraene (C8H10). Taken from Ref 46 in the main text.
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Decapentaene (C10H12). This work.
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Dodecahexaene (C12H14). This work.
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Hexadecaoctaene (C16H18). This work.
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Tetracosadodecaene (C24H26). This work.
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